Four interspecies populations, originating from three annual (H. debilis, H. praecox, H. deserticola) and one perennial (H. resinosus) wild species, were used to produce 13 new (cms) inbred lines with cytoplasmic male sterility, three Rf restorer lines with good general combining ability used as testers and their F 1 hybrids. A two-year trial with three replicates was set up using the line × tester method. The inbred A-lines, Rf-testers and F 1 hybrids differed significantly in the mean values for both studied traits. The mode of inheritance for leaf area was dominance and superdominance of the better parent and for plant height it was superdominance of the better parent. Highly significant positive values of general combining ability for both traits were found in inbred lines NS-G-7, NS-G-8, NS-G-9. The greatest highly significant positive specific combining ability value was found in NS-G-6 × RUS-Rf-OL-168 for the total leaf area per plant and in NS-G-6 × RHA-N-49 for plant height. The non-additive gene effect had greater influence on both traits. A significant heterotic effect was found for both traits in relation to the parental average so as in relation to the better parent.
INTRODUCTION
One of the main directions of sunflower breeding both in Serbia and in other locations is the development of hybrids with a high genetic potential for seed yield and altered plant architecture capable of adapting to the conditions of the specific area in which they are grown (Hladni et al., 2008a) . The ideal sunflower plant model does not exist. So in order to increase the number of plants per area unit, when creating new sunflower hybrids, it is necessary to pay attention to the architecture of those plant organs that have great effect on the plant and a direct influ-ence on the formation of seed yield per area unit. Sunflower breeding for the desirable plant architecture and direct components of seed yield demands the creation of divergent material in the breeding programme. The genus Helianthus, apart from constituting the basic genetic stock, which cultivated sunflower originated from, continues to contribute to specific characteristics for cultivated sunflower improvement (Seiler, 2010) . Breeding for yield components and the creation of a new sunflower ideotype require an increased use of wild Helianthus species in breeding programs (Hladni et al., 2011) . One of safe ways of increasing the genetic variability of the genus Helianthus is the discovery of desirable genes in the wild species and their incorporation into cultivated sunflower genotypes by interspecies hybridization (Škorić et al., 2007; Hladni et al., 2009) . In sunflower breeding we come across a large number of different genotypes regarding morphophysiological traits. When a breeding program begins, the choice of parents is very important for both short and long term breeding (Hladni et al., 2010a) .
The basic leaf function is photosynthesis. In the process of photosynthesis 90-95% of the organic material is created. Number of leaves and their size determine the total leaf or assimilation area. Sakač et al. (1997) stated that moderate size of leaf area and leaf area duration are important factors of high seed and oil yield. Total leaf area (TLA) depends on the position of the leaf, leaf area profile, plant development, and genotype (Panković et al., 1991) . During the flowering stage, the biggest part of the sunflower leaf area is formed, this influences the high transpiration and photosynthesis intensity. Leaf area and photosynthesis intensity in each stage of development are increased from the basis to the maximal value which is gained at 85% maximal plant height. According to Kovačik and Škaloud (1990) and Hladni et al. (2003) the biggest importance in the inheritance of total leaf area is given to the non-additive component of the genetic variance and the mode of inheritance of the leaf area was dominance of the better parent, as well as superdominance.
Plant height plays a major role in the creation of new SC-hybrids with a different plant model and high genetic potential for seed and oil yield. Plant height is a very important trait because it depends on the stability of the plant i.e., the resistance to lodging (Hladni, 2010) . Hladni et al. (2004) determined that the mode of inheritance of plant height in the F 1 and F 2 generation was superdominance, also partial dominance of the parent with a higher mean value and dominance of the parent with a higher mean value appeared. By crossing the cultivated with the wild sunflower forms partial dominance and dominance of the wild species were noticed in the inheritance of the plant height as stated by Terzić et al. (2006) . Role of additive genes in total leaf area inheritance was reported by Naik et al. (1999) .
The predominant role in the inheritance of the plant height was held by the additive component of the genetic variance Shekar et al. (2000) , Marinković (2005) , while Škorić et al. (2000) , Burli et al. (2001) , Goksoy et al. (2004) determined a higher ratio of the non-additive gene effect.
Significant manifestation of heterosis for agronomically important traits is the main precondition for obtaining productive sunflower hybrids (Škorić et al., 2006) .
The occurrence of heterosis in sunflower hybrids is highly connected to a genetic distance between the parental lines. Heterosis does not appear in all hybrid combinations of the F 1 generation. Heterotic effects are different for different traits. Both total leaf area per plant and plant height have great importance in the creation of new SC-hybrids with changed plant model and a high genetic potential for seed and oil yield.
The objective of this study was to investigate general combining ability (GCA) effects in new divergent inbred lines obtained by interspecies hybridization, specific combining ability (SCA) effects of the F 1 hybrids, gene effects, components of genetic variance, average percentage contributions of the lines, testers and their interactions with the expression of the studied morphophysiological traits and to monitor the occurrence of heterosis for total leaf area per plant (TLA) and plant height (PH).
MATERIAL AND METHOD
13 new divergent (A) cms inbred lines, 3 Rf-restorer lines, 39 F 1 hybrids developed at the Institute of Field and Vegetable Crops in Novi Sad were used in this research. Four interspecies populations, originating from three annual (H. debilis, H. praecox runyoli, H. deserticola) and one perennial (H. resinosus) wild species, were used to produce 13 new cms inbred lines (NS-G-1, NS-G-2, NS-G-3, NS-G-4, NS-G-5, NS-G-6, NS-G-7, NS-G-8, NS-G-9, NS-G-10, NS-G-11, NS-G-12, NS-G-13). Restorer male inbred (RHA-R-PL-2/1, RHA-N-49, RUS-RF-OL-168) with good combining abilities were used as testers in the form of fertility restorers. The F 1 hybrids had been developed by crossing each tester with each female inbred line. The trial was carried out at the Institute's experiment field at Rimski Šančevi. There were three replications, and the experiment was designed according to the line × tester method. The lines and hybrids were planted manually at an optimum time during the middle of April on a well-prepared soil. The plots consisted of four rows with 12 plants in each. The row-to-row spacing was 70 cm and the plants were spaced at 30 cm intervals within the rows. Each trait was analyzed on a sample consisting of 30 plants (10 per replicate) taken from the middle rows in each block. Total leaf area per plant (TLA) (cm 2 ) was measured by a leaf area meter (LI-300-LiCOR, USA) at the flowering stage while the plant height (cm) was measured in the field at the stage of physiological maturity. For the evaluation of the test of significance (t-test), the middle values of hybrids in relation to the parental average (Kraljević-Balalić et al., 1991) were used. The mean values of the inbred lines and F 1 hybrids were used to calculate the values of the combining abilities and assess the gene effects for morphophysiological traits using the line × tester method (Singh and Choudhary, 1976) . Heterosis was being calculated in relation to the mean parental value (H 1 ) or to the mean value of the better parent (H 2 ). Heterosis was assessed according to Jinks (1983) .
RESULTS AND DISCUSSION
Yield or productivity is an economically metric trait that is of the greatest significance for breeders. The development of sunflower hybrids with high genetic potentials for seed yield requires information about the mode of inheritance, general combining ability (GCA) and specific combining ability (SCA) for seed yield and important morphophysiological traits in the F 1 generation. The significant differences in TLA and PH between the A lines and Rf testers on one side and their F 1 hybrids on the other indicate the presence of genetic differences among the studied genotypes. Of the A-lines, NS-G-13 had the smallest (0.456 m 2 ) and NS-G-3 the greatest TLA (680 m 2 ), while in the Rf-testers RHA-R-Pl-2/1 was the smallest (0.603 m 2 ) and RUS-RF-OL-168 the greatest (0.802 m 2 ).
Among the F 1 hybrids, NS-G-5 × RUS-RF-OL-168 had the smallest (0.607 m 2 ) and NS-G-7 × RUS-RF-OL-168 the greatest average TLA (1.146 m 2 ). Of the A-lines, NS-G-13 had the smallest (73.1 cm) and NS-G-4 the greatest PH (116.4 cm), while in the Rf-testers RHA-N-49 was the shortest (99.5 cm) and RUS-RF-OL-168 the tallest (116.1 cm). Among the F 1 hybrids, NS-G-10 × RUS-RF-OL-168 had the smallest (129.8 cm) and NS-G-9 × RHA-N-49 the greatest average PH (168.3 cm), Table 1 . (Table 1) . Partial dominance as a mode of inheritance of the leaf area was determined by Cecconi and Baldini (1991) and Naik et al. (1999) . The mode of inheritance of the leaf area was dominance of the better parent and superdominance was established by Kovačik and Škaloud (1990) , Joksimović et al. (1997) and Hladni et al. (2003a) . Identification of inbred lines with high positive GCA values is of a great importance for the development of new productive sunflower hybrids (Hladni et al., 2008b) . It is very difficult to combine all positive traits in one combination. The analysis of combining ability showed that the A lines and Rf testers differed significantly in GCA values (Table 2 ). Highly significant GCA values for both traits were demonstrated by cms A-line NS-G-7, NS-G-8, NS-G-9 and Rf tester line RHA-R-PL-2/1. Lines with the best GCA for TLA per plant were chosen based on the GCA values (NS-G-7, NS-G-8) and PH (NS-G-9, NS-G-7). Line NS-G-10 has highly signifficant negative values of GCA for TLA per plant and PH and the wors general combiners (Table 2) . It is expected that the parental lines with higher mean values are better general combiners, and lines with lower mean values are worse general combiners, which was confirmed in this research. The inbred line with the best GCA for PH (NS-G-4) had the highest mean value for that trait, while the line with the worst GCA for PH (NS-G-13) had the lowest mean value for that trait. If the goal is the change of sunflower plant architecture, genotypes with the lower stem (NS-G-13, NS-G-11) and negative GCA are more desirable in breeding programs. The genetic distance between parental lines is a precondition for the expression of good specific combining abilities (SCA) Škorić et al. (2004) . Table 3 : SCA values for total leaf area per plant and plant height in sunflower The greatest highly significant positive SCA value was found in NS-G-6 × RUSRf-OL-168 for TLA per plant and in NS-G-6 × RHA-N-49 for PH (Table 3) . A highly significant positive value for PH in the F 1 generation was found in the combinations NS-GS-1 × RHA-N-49 which was obtained by crossing one parent with a low PH GCA to another one that has a highly positive GCA for this trait (Table 2) . These results support those obtained by Škorić et al. (2000) , who determined that crosses with a good PH SCA usually involve one parent with high and one with low GCA values.
In the inheritance of the TLA per plant the non-additive component of the genetic variance had a predominant role. Further confirmation was provided by the values of GCA/SCA in the F 1 generation which were smaller than one for all traits. According to Kovačik and Škaloud (1990) , Joksimović et al. (1997) , Bhat et al. (2000) , Hladni et al. (2003a) and Hladni et al. (2008c) the biggest importance in the inheritance of this trait is given to the non-additive component of the genetic variance. Additive gene effects on the leaf area size were established by Cecconi and Baldini (1991) and Naik et al. (1999) .
The non-additive gene effect had greater influence on PH. That was confirmed by the relationship GCA/SCA in the F 1 generation which is less than one (Table 3) . A higher contribution of non-additive genetic variance has been reported by Škorić et al. (2000) , Joksimović et al. (2000) , Hladni et al. (2004a) and Parameswari et al. (2004) for the inheritance of PH. By contrast, Bhat et al. (2000) , Shekar et al. (2000) , Ashok et al. (2000) , Hladni et al. (2005) and Marinković (2005) found the additive component to be more significant in the inheritance of PH. By studying the proportional contribution of inbred lines, testers and their crosses in the total variability breeders come to different results with the same trait. The differences in the conclusions of different authors mentioned in this work can be explained by the dif- GCA/SCA 0,08 0,31 Table 3 : SCA values for total leaf area per plant and plant height in sunflower ferences in the plant material used in their studies (Hladni, 2010) . The female A lines had the highest contributions to the expression of TLA per plant 71.8% and PH 80.3% (Table 4 ). According to Škorić et al. (2000) the mother lines had a significant proportion in the expression of the plant height (55.8%). The proportion of Rftesters was more significant in the expression of the TLA (69.4%) reported Joksimović (1992) and in the expression of PH (62.5%) as was concluded by Joksimović et al. (2000) .
Significant manifestation of heterosis for agronomically important traits is the main precondition for obtaining productive sunflower hybrids as reported by Škorić et al. (2006) . Significant heterosis effect was found for both traits in relation to the parental average and in relation to the better parent (Table 5) . Heterosis values relative to better parent differed significantly from those relative to parental average for all the traits. The determined effect of heterosis for TLA and PH compared to the parental average (59.4%-93.3%; 26.0%-75.05%), a in relation to the better parent (39.8%-70.5%; 13.8%-69.0%), Table 5 . Significant heterotic effect on PH in relation to the parental average (19.0%-66.0%) and in relation to the better parent (6.1%-51.6%) with hybrid combinations was determined by Hladni et al. (2005) . Positive and highly significant heterotic effect in relation to the better parent for PH announced Hladni et al. (2003) had determined heterotic effect that was around -7.4% to -34% in comparison to the better parent. In combination NS-G-8 × RHA-N-49 heterosis values for TLA and PH were positive and highly significant in comparison to parental average (59.4%; 56.1%) as well as better parent (39.8%; 60.7%), Figure 1 .
On the basis of research of heterotic effect, it can be concluded that the effect of heterosis is not the same for all examined traits. High heterosis values can be expected in crosses of extremely divergent lines i.e., that heterosis is mostly a product of the difference in gene frequency between the lines that are being crossed.
CONCLUSION
Based on the examination of modes of inheritance and combining abilities of the selected inbred lines and F 1 sunflower hybrids the following conclusions can be made:
The studied sunflower genotypes (inbred lines and hybrids) exhibited significant differences among the mean values of the studied total leaf area per plant and plant height. Highly significant positive values of GCA for both traits were found in inbred lines NS-G-7, NS-G-8, NS-G-9. The greatest highly significant positive SCA value was found in NS-G-6 × RUS-Rf-OL-168 for total leaf area per plant and in NS-G-6 × RHA-N-49 for plant height. The non-additive gene effect had greater influence for both traits. The female A lines had the highest contributions to the expression of total leaf area per plant and plant height (71.8%, 80.3%), respectively. A significant heterosis effect was found for both traits in relation to the parental average and in relation to the better parent. In combination NS-G-8 × RHA-N-49 heterosis values for total leaf area per plant and plant height were positive and highly significant in comparison to parental average (59.4%; 66.1%) as well as to better parent (39.8%; 60.7%).
